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Discussion
1. Introduction
RAN2 #95bis, two models [1] were identified for light connection:

· Modelling A:    Lightly connected UEs are in RRC_CONNECTED with light connection indication and ECM_CONNECTED from UE point of view. 

· Modelling B:    Lightly connected UEs are in RRC_IDLE with light connection indication and ECM_IDLE from UE point of view. 

This paper analyses the signaling and procedure details of both models.

2. Model A 
Figure 1 shows the RRC state transition of model A.
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Figure 1: RRC state transition in model A
2.1. Normal connected to lightly connected transition
UE is commanded to enter into lightly connected state by a RRC message. The message shall include Paging Notification Area (PNA) ID list and Recovery ID.

Recovery ID is used for eNB to identify the UE in lightly connected state, including:

· Lightly connected to normal connected transition;

· Inter-eNB Context fetch;

· RAN Paging. 
The recovery ID shall meet following requirements:

· unique at least in RAN paging area;

· includes both eNB ID and UE ID information;

· not too long and could be associated with security information;

· has less or no dependency on NAS/CN.  

The resumeIdentity defined for IOT suspend/resume procedure meets above requirement. As working assumption, resumeIdentity could be reused as recovery ID. 
Proposal 1: eNB uses resumeIdentity to identify the UE in lightly connected state. The resumeIdentity is used in following procedures:

· Lightly connected to normal connected transition,

· Inter-eNB UE context transfer,

· RAN paging (as UE ID in paging record). 
2.2. Lightly connected to normal connected transition
1) Triggers/causes and RRC Connection Rejection
In RRC_IDLE to RRC_CONNECTED transition, NASs gives cause value to AS for UE to include it in Msg 3. The cause value is used for eNB to selectively reject RRC connection. 

Lightly connected to normal connected transition may be triggered by same reasons or AS reason e.g. Paging Notification Area update. However, in this transition, NAS doesn’t delivery cause value to AS. AS receives only NAS and Data PDU from upper layer. So, AS may not identify some of the reasons. 
Table 1: Lightly connected to normal connected triggers analysis

	Causes
	AS knows?

	Emergency
	No, AS thinks it is MO data/signaling

	highPriorityAccess, 
	No, AS thinks it is MO data/signaling

	mt-Access, 
	Yes

	mo-Signalling,
	Yes

	mo-Data, 
	Yes

	delayTolerantAccess, 
	Yes

	mo-VoiceCall
	No, AS thinks it is MO data/signaling

	AS reason, e.g. Paging Notification Area Update
	Yes


Observation 1: In addition to existing RRC Connection Establishment causes, lightly connected to normal connected transition may be triggered by AS, e.g. PNA update.
Observation 2: In lightly connected to normal connected transition, AS cannot differentiate emergency, highPriorityAccess and mo-VoiceCall from regular MO data/signaling. 
In case emergency/highPriorityAccess/mo-VoiceCall is rejected, UE would fall back to RRC_IDLE and indicate “lower layer failure” to higher layers. Higher layer would then retry following normal RRC_IDLE procedure. The fallback and retry are intangible to end user.
Observation 3: In lightly connected to normal connected transition, UE indicates one of the AS-aware cause values to eNB: mt-Access, mo-Signaing, mo-Data, delayTolerantAccess, AS reason.
2) Access Barring
Access barring is used to restrict UE connection to the network when network is overloaded. However, lightly connected UE already connected with RAN and CN. So, the existing ACB defined for RRC_IDLE is not applicable. To protect MMTEL service network from overload, SSAC shall be used. 
Observation 4: Lightly connected UE already connected with RAN and CN. So, existing ACB which prevents UE from connecting to RAN/CN is not applicable. 

3) Fallback Mechanism

When UE fails in transition from lightly connected to normal connected state, e.g. due to context fetch failure, AS indicates “RRC connection failure” to upper layer. Per TS 24.301, subclause 5.3.1.3, UE would initiate NAS recovery in this case.
Observation 5: Existing NAS recovery procedure can be used as fallback mechanism of RRC connection recovery, without impact to CT1/SA2 standards.
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Figure 2: NAS recovery procedure
Figure 2 shows the existing NAS recovery procedure triggered by RRC connection reestablishment failure. With PNA Update procedure, fallback is rare event. Signaling optimization for rare event is not necessary.
3. Model B
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Figure 3: RRC State Transition in Model B
As show in figure 3, model B tries to reuse the suspend/resume procedure of CIOT. 
3.1   NAS issues caused by state mismatch

Suspend/resume was designed for RRC_IDLE and EMM-IDLE UE. Light connection requires the UE state in the network side is RRC_CONNECTED/EMM-CONNECTED. The RRC/NAS state mismatch prevents UE from using the NAS optimization for CIOT, as defined in section 5.3.1.3 of 3GPP TS 24.301. This causes many issues. From NAS/CN perspective, following issues were identified:
(1) The periodic tracking area update procedure is initiated by the UE as legacy but at the MME side, the UE was already in the EMM-CONNECTED mode and the periodic tracking area update is not expected from the UE. Hence, the periodic tracking area update is superfluous;

(2) For the MO data/signalling, the service request procedure is initiated by the UE as legacy but at the MME side, the UE was already in the EMM-CONNECTED mode and the service request is not expected from the UE. Hence, the service request is superfluous. More important, the MME’s handling for this case is not specified in CT1 so far due to currently the MME will not receive the SERVICE REQEUST or EXTENDED SERVICE REQUEST message from an EMM-CONNECTED mode UE;

(3) For the MT signalling, the MME will not initiate the paging but directly send the MT signalling to the UE due to the UE was already in the EMM-CONNNECTED mode. However, the MT signalling can only be transported when both the UE and the MME are in the EMM-CONNECED mode. How to move the UE from the EMM-IDLE to EMM-CONNECTED mode in this case is not clear in CT1 and needs to be FFS.

(4) For the MT data, it can only be transported when both the UE and the MME are in the EMM-CONNECED mode. How to move the UE from the EMM-IDLE to EMM-CONNECTED mode in this case is not clear in CT1 and needs to be FFS.
Observation 6: ECM state mismatch prevents UE from reusing the NAS changes for suspend/resume procedure of CIOT UP Optimization. At least four NAS issues are identified in section 3.1.

The signalling procedure change for model B is analysed below.
3.2   Normal connected to lightly connection transition
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Figure 4: Current CIOT Suspend Procedure
Figure 4 shows the current suspend procedure. To use it for light connection, step 1-4 shall be skipped. Paging notification area information shall be added into RRC Connection Release message.
Observation 7: To reuse RRC connection suspend procedure for light connection under model B, eNB should skip sending UE Context Suspend Request to MME and paging notification area information shall be added into RRC Connection Release message.

3.3   Lightly connected to normal connected transition
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Figure 5: Current RRC Connection Resume Procedure
Figure 5 shows the current RRC Connection Resume procedure. Because lightly connected UE is in RRC_CONNECTED/ECM-CONNECTED state from network perspective, step 3 should be skipped.

Observation 8: To reuse RRC connection resume procedure for light connection under model B, eNB should skip sending UE Context Resume Request to the core network.
When resume fails e.g. due to context fetch failure, eNB shall fallback UE to normal RRC_IDLE state. Figure 6 shows the fallback procedure of CIOT resume. When it is used in light connection, the NAS service request would confuse CN because MME doesn’t expect service request message from EMM-CONNECTED UE.
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Figure 6: Fallback Procedure of model B
Observation 9: SA2/CT1 standards need to be changed to reuse fallback mechanism of suspend/resume procedure in ECM-CONNECTED.

4. Conclusion
Based on above analysis, we could conclude:

·  model A could work without NAS/CN impact;
· Model B could not work without NAS/CN standards change. 

Proposal 1: eNB uses resumeIdentity to identify the UE in lightly connected state. The resumeIdentity is used in following procedures:

· Lightly connected to normal connected transition,

· Inter-eNB UE context transfer,

RAN paging (as UE ID in paging record).
Proposal 2: Use model B as work assumption.
We have following observations for model A design.

· Observation 1: In addition to existing RRC Connection Establishment causes, lightly connected to normal connected transition may be triggered by AS, e.g. PNA update.
· Observation 2: In lightly connected to normal connected transition, AS cannot differentiate emergency, highPriorityAccess and mo-VoiceCall from regular MO data/signaling. 

· Observation 3: In lightly connected to normal connected transition, UE indicates one of the AS-aware cause values to eNB: mt-Access, mo-Signaing, mo-Data, delayTolerantAccess, AS reason.
· Observation 4: Lightly connected UE already connected with RAN and CN. So, existing ACB which prevents UE from connecting to RAN/CN is not applicable. 

· Observation 5: Existing NAS recovery procedure can be used as fallback mechanism of RRC connection recovery, without impact to CT1/SA2 standards.
We have following observations for model B.

· Observation 6: ECM state mismatch prevents UE from reusing the NAS changes for suspend/resume procedure of CIOT UP Optimization. At least four NAS issues are identified in section 3.1.

· Observation 7: To reuse RRC connection suspend procedure for light connection under model B, eNB should skip sending UE Context Suspend Request to MME and paging notification area information shall be added into RRC Connection Release message.

· Observation 8: To reuse RRC connection resume procedure for light connection under model B, eNB should skip sending UE Context Resume Request to the core network.
· Observation 9: SA2/CT1 standards need to be changed to reuse fallback mechanism of suspend/resume procedure in ECM-CONNECTED.
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